A Corresponding
INTRODUCTION
There is a growing trend in developed nations such as the United Kingdom (UK), Western European countries, Australia, Canada and New Zealand (NZ) for women to delay childbearing to later in their lives (Royal College of Obstetricians and Gynaecologists [RCOG], 2009) . From 2005 to 2014 the birth rate for NZ women over 40 increased by 17%, from 13 to 15.3 births/1000 women of reproductive age (Ministry of Health [MOH] , 2015a). The reasons women are making this choice are often associated with the availability of safe effective contraception, continuing education, career development, achieving financial independence, seeking a stable relationship with a supportive partner, sophisticated fertility treatments, and shifts in the female gender role (Carolan, 2003; RCOG, 2009) .
In the last 100 years, the notion that "older" mothers are at higher risk in pregnancy and birth has flourished (Hallgrimsdottir & Benner, 2014) . There is a large volume of literature, although inconsistent, associating increasing risk with advancing maternal age (Carolan & Frankowska, 2011; Flenady et al., 2011; Kenny et al., 2013) . AMA pregnancies (defined in this paper as mothers >40 years) are associated with higher rates of hypertension and diabetes (Cleary-Goldman et al., 2005; Joseph et al., 2005) , and women in general will accrue skeletal damage, cancers and other underlying medical conditions as they age (Suplee, Dawley, & Bloch, 2007) .
AMA is also associated with a range of adverse pregnancy outcomes: low birth weight, preterm birth, stillbirth and unexplained death, and increased rates of assisted births and caesarean sections (Bayrampour & Heaman, 2010; Cleary-Goldman et al., 2005; Flenady et al., 2011; Fretts, 2005; Herstad et al., 2014; Tough et al., 2006) . However, there is lack of consensus in the literature regarding at what age this risk becomes significant (Carolan & Fankowska, 2011) . Further, the underlying cause of these pregnancy outcomes, when the known pathophysiology of underlying disease is not the cause, is yet to be determined.
Currently in NZ, it is common to recommend induction of labour (IOL) at 39 weeks gestation for women of AMA beyond age 40 (Canterbury District Health Board [CDHB], 2014; Capital & Coast District Health Board [CCDHB], 2015; Wise et al., 2014) . Over 40% of women over the age of 40 are being induced (MOH, 2015b) , although the reason for these inductions is unclear. A guideline of IOL for AMA after 39 weeks is seen as a way to minimise the risk of AMA and term complications, mainly stillbirth. However, the routine or blanket application of a guideline fails to account for individualised risk assessment as happens within the NZ model of midwifery partnership. 95% CI), but have insufficient data to reveal differences in risk based on quality/quantity of antenatal care, model of care, parity, body mass index (BMI), underlying conditions, socio-economic status and education (Ananth, Liu, Kinzler, & Kramer, 2005; Bateman & Simpson, 2006; Fretts, 2005) . When variables such as general health, socio-economic status, education and parity are controlled for, as they are in hospital-based or cohort studies, the risk of stillbirth for women of AMA is smaller (Flenady et al., 2011; Waldenstrom, Cnattingius, Norman, & Schytt, 2015) .
NZ has a unique maternity system. Community midwifery care of low-risk women is embedded into primary care and is fully funded. NZ midwifery care, whether in the hospital or the community, promotes partnership and informed choice, continuity of care, cultural safety, normal physiology if appropriate, and a welldefined referral pathway to secondary care when needed (Rowland, McLeod, & Froese-Burns, 2012) . Antenatal care is encouraged to begin before 10 weeks and is to be provided in a safe, timely, equitable and efficient manner. Continuity of care is promoted, and there is a mandatory minimum number of postnatal visits (MOH, 2007) . Information sharing between the woman and the midwife is paramount; for instance, the NZ midwifery partnership allows for women's perception of fetal wellbeing to hold as much validity as other clinical findings and would be acted upon if necessary (Stacey et al., 2011a) . In this review, the risks of stillbirth for women over 40 years of age will be considered within this NZ maternity context with reference to the changing demographics.
Search strategy
On 20th February 2015, Google Scholar, CINAHL, Science Direct, PubMed, ProQuest and Cochrane Databases were searched using the terms: "Advanced maternal age or AMA" and "Risk or Adverse outcome or stillbirth" and "New Zealand". A further search used the terms: "Advanced maternal age" and "Guidelines "and "New Zealand". Guideline documents regarding NZ obstetric recommendations for AMA were also hand searched.
Inclusion criteria were: NZ; studies involving maternal factors such as BMI, socio-economic status, education, underlying disease, midwifery care; advanced maternal age beyond 40 years old; and stillbirth rate. Exclusion criteria were: datasets older than 20 years (due to a different demographic of high parity and lower socio-economic status), and therefore studies conducted earlier than 1996. Seven studies fitted the inclusion criteria and are summarised in Table 1 .
FINDINGS
The literature reviewed included one systematic review, which examines eight studies of stillbirth and women over age 40, (Carolan & Frankowska, 2011) . In addition, three population-based studies (Ananth et al., 2005; Gordon, Raynes-Greenow, McGeechan, Morris, & Jeffery, 2013; Waldenstrom et al., 2015) and three hospital or cohort studies were examined (Arnold, Beckmann, Flenady, & Gibbons, 2012; Khalil, Syngelaki, Maiz, Zinevich, & Nicolaides, 2013; Mutz-Dehbalaie et al., 2014) . All studies were retrospective and observational, therefore causation of stillbirth could not be determined due to possible confounding variables, but associations could be inferred (Sedgwick, 2014) . According to Sedgwick and Marston, (2010) , because stillbirth is a rare event, odds ratios (OR) are a good estimate of population relative risk. ORs were compared in six of the seven papers reviewed. The Australian study (Gordon et al., 2013) was confident in the comprehensive collection of every stillbirth that happened in New South Wales over their study time period and therefore calculated a hazard risk -which is relative risk over time, in this case as gestation progresses.
AMA pregnancies in women 40 years and older were associated with increased risk of stillbirth when compared to younger women in the majority of the studies reviewed. Five of the six individual studies reviewed here also showed an association with stillbirth and age beyond 40. (Waldenstrom et al., 2015) ; and 2.42 (95% CI 1.04-5.62) when compared to women aged 25-29 (Arnold et al., 2012) . Ananth et al. (2005) also showed an association between age and stillbirth (OR 2); however, the difference, between the baseline stillbirth rates of white women (3 stillbirths/1000 livebirths) and black women (6.5 stillbirths/1000 livebirths) in this study, demonstrates that there are factors other than age that influence how often there is a stillbirth outcome. All the studies within Carolan and Frankowska's (2011) review showed an association (the range of the eight ORs 1.67-3.04) between 40 years and older and stillbirth, although the absolute rate remained low.
In Australia, Gordon et al. (2013) demonstrated an adjusted hazard ratio of 2.58 (95% CI 1.67-4.01) for primiparous women over age 40 and 2.32 (95% CI 1.52-3.56) for multiparous women over age 40 when compared to women aged 20-24. Whereas Khalil et al. (2013) demonstrated no difference in number of stillbirths between women over the age of 40 and women aged 35-39, after accounting for variables such as method of conception, smoking, hypertension, diabetes and parity. Thus, the absolute risk of stillbirth in high income countries remains very low, about 3.1 stillbirths/1000 livebirths (Cousens et al., 2011) and stillbirth continues to be a rare event in NZ (Perinatal and Maternal Mortality Review Committee [PMMRC], 2015) . This rarity means that studies on our small NZ population did not meet the inclusion criteria as they were underpowered to detect differences in maternal age and stillbirth (Stacey et al., 2011b) .
Findings in the research varied on aspects of general health, parity, socio-economic status, conception methods, BMI, smoking status, place of birth and model of care, and definitions of stillbirth and AMA (see Table 2 ). The studies that accounted for multiple variables found that education and socio-economic status influenced the stillbirth risk (Mutz-Dehbalaie et al., 2014; Waldenstrom et al., 2015) . Only one paper identified midwifery care and place of birth within its dataset (Gordon et al., 2013 ) but these variables were not separated out as confounding variables.
Currently, NZ IOL policies for AMA are based on non-NZ studies, and do not take into account our unique maternity system. Six articles were identified that inform some of the NZ IOL policies relating to AMA. Canterbury District Health Board (CDHB) Induction of Labour Guidelines (CDHB, 2014, p. Raymond, Cnattingius, and Kiely (1994) , whose work was not part of the review due to the age of the dataset. An Induction of Labour Best Practice Guideline, developed by the DHBs of Auckland: Auckland, Counties Manukau, and Waitemata (Wise et al., 2014 ) is informed by Carolan and Frankowska (2011) , RCOG (2013) (opinion) and Arnold et al. (2012) . Although these studies may be generalisable to the populations of high-income nations and the changing demographic within, none of the countries in these studies has the same model of maternity care as NZ. SGA fetus also independently associated with term stillbirth.
Ananth, Liu,
USA Population-based cohort study. (stillbirth rate of 6.5 stillbirths/1000 live births).
Odds ratio for stillbirth among black women vs. white women was 2.4 (95% CI: 2.1-2.7). Note the differences in definitions of stillbirth and AMA which will affect reported stillbirth rates.
DISCUSSION
Comparing stillbirth rates between studies has been difficult. The studies are set in different countries, the women included differ in parity, and definitions of stillbirth and AMA are varied. Other factors, such as pregnancies following assisted reproduction technology (ART), issues around BMI, variations in socio-economic status, education, general health and lifestyle, and antenatal care, may or may not be considered (see Table 2 ). There are no NZ AMA stillbirth rates with which to compare the international rates; as previously noted, Stacey et al., (2011b) is not powered to detect differences in maternal age and stillbirth risk, therefore is not included in this review.
Carolan and Frankowska's (2011) review, involving more than 40 million women, clearly linked increased rates of stillbirth to women beyond age 40; however, the degree of association varied considerably between the studies, from OR 1.62 (Canterino, Ananth, Smulian, Harrigan, & Vintzileos, 2004) to OR 3.04 (Bahtiyar et al., 2006 Individualised care is the hallmark of NZ midwifery and is underpinned by facilitating women's ability to make an informed choice (Guilliland & Pairman, 2010) ; therefore, knowing and sharing which factors can influence a woman's risk for stillbirth are important. However, rates of stillbirth for AMA women within the studies reviewed are difficult to apply to the individual NZ woman; this is due to the heterogeneity of study cohorts and definitions between the studies (Suplee et al., 2007) . For example, two of the six individual studies differentiated stillbirth results between parities (Gordon et al., 2013; Waldenstrom et al., 2015) and showed that multiparity can be protective against stillbirth at advanced maternal age. BMI was accounted for in only three of the six studies (Arnold et al., 2012; Mutz-Dehbalaie et al., 2014; Waldenstrom et al., 2015) , despite high BMI complicating care and increasing risk of stillbirth (Flenady et al., 2011) . ART versus spontaneous conception was addressed in only one of the six studies (Khalil et al., 2013) , despite ART being more common in older women and appearing to increase the risk of stillbirth (Bewley, Ledger, & Nikolaou, 2009 ). Furthermore, definitions of when fetal death is designated a stillbirth ranged from >20 weeks gestation (Ananth et al., 2005) to >37 weeks (Arnold et al., 2012) and only one study differentiated between antepartum and intrapartum stillbirth (Gordon et al., 2013) . These differences in studies make comparison and application of rates difficult.
It is accepted that the risk for stillbirth increases as a woman ages (Khalil et al., 2013) ; however, the cohort of 40 years and over does not account for the differences between a 40-year-old pregnant woman and a pregnant 50-year-old-it is assumed the stillbirth risk is the same. Only Ananth et al. (2005) had categories for ages 40-44 and 45-49, showing an increase in risk with age. It could be assumed that women closer to 40 would have a lower risk of stillbirth to that of women closer to 50. Waldenstrom et al. (2014) recently compared the risk of fetal death (0.21%) (measured as adjusted absolute risk) for low-risk women (non-smokers, normal weight, ages 25-29) to that of women older than 30 or who smoked or were overweight or obese. Findings showed the risk of fetal death was highest for overweight and obese women (0.53%). Women over 40 had a risk of 0.49%, compared to women aged 35-39 whose risk was 0.37%, and smoking was associated with a risk of fetal death rates of 0.33%. The authors concluded that maternal age was an independent risk factor but their study did not allow for definitive conclusions about causality. Nonetheless, Flenady et al. (2011) conclude that the combination of age, increased BMI and maternal smoking increased negative outcomes substantially.
Factors exacerbating or mitigating risk
Just as some lifestyle choices may compound the effects of aging, other lifestyle choices may offset the development of pregnancyrelated problems associated with aging, as suggested by Carolan and Frankowska (2011) . This theory has been backed by Suplee et al. (2007) . Further, Viau, Padula, and Eddy (2002) demonstrated that women over 35 were "proactive health seekers" (p.330), changing their health behaviour patterns based on the physiological needs of their pregnancy. Women having their first baby over 40 are more likely to be of higher socio-economic status than younger women (Carolan & Frankowska, 2011; Joseph et al., 2005) allowing these women to afford healthy food choices and time to seek out alternative health modalities to improve and maintain their health. For example, Carolan (2003) found that women of AMA may view pregnancy as a their "last chance" to become a mother and make health decisions that protect it, and higher socio-economic status and lower parity are known predictors of greater pregnancy investment and more favourable pregnancy outcomes (Viau et al., 2002) . A recent study (Goetzinger, Shanks, Odibo, Macones, & Cahill, 2014) reports that AMA women have fewer fetal anomalies, excluding aneuploidy, than their younger counterparts, and attributes this partly to healthy behaviours by women of AMA. Therefore, the large studies that do not control for socio-economic status may not be accurately reflecting the protective effect of good health and lifestyles.
As mentioned above, parity too may have an effect. Gordon et al. (2013) found that multiparity decreased the stillbirth risk in women over age 40, and Waldenstrom et al. (2015) discussed the protective effect of parity in higher socio-economic cohorts. Therefore, guidelines in NZ suggesting IOL to reduce risk of stillbirth for AMA alone, and not differentiating risk on the basis of the woman's age, parity, BMI and smoking respectively and collectively, may be overstating the benefits of IOL for preventing stillbirth.
Just as women have physiological variations in how they age, women will have had different environmental and lifestyle influences over the years. Further complicating this are the many unproven theories about the underlying pathophysiological mechanism for the increased adverse outcomes. Some of these mechanisms will be explored below, although they may be only one aspect of the adverse outcomes being reported.
Pathophysiology underlying risk associated with AMA
There are co-morbidities that often accompany pre-existing medical conditions, such as hypertension, obesity and diabetes (Cleary-Goldman et al., 2005; Joseph et al., 2005) . These underlying illnesses affect a larger percentage of older mothers (a quarter of women 45 years or older will have a chronic medical disease; Department of Health, 2004) , but there are clear causeand-effect care pathways for these, and they will not be addressed here. Pathophysiological theories for the association of stillbirth with AMA, separate from these pre-existing conditions, are mainly focused on uterine aging.
In the broader literature, the pathophysiology underlying increased stillbirths, assisted deliveries and caesarean sections is mainly linked to impaired decidua development and placentation. Sclerotic lesions increase with age, which may be one factor that causes under-perfusion of the fetus, eventually leading to stillbirth (Prefumo et al., 2004) . Doppler studies show more notches and higher vascular resistance in nulliparous women (Hafner, Schuchter, Metzenbauer, & Philipp, 2000; Prefumo et al., 2004) compared to multiparous women. One hypothesis suggests that a successful first pregnancy may inherently change the uterine lining to have increased non-muscular tissue in the uterine arteries (Khong, Adema, & Erwich, 2003) and improve the endovascular trophoblast invasion (Prefumo, Ganapathy, Thilaganathan, & Sebire, 2006) . This supports the research findings that increased parity reduces the risk of stillbirth in women of AMA (Gordon et al., 2013; Waldenstrom et al., 2015) .
Managing the increased risk of stillbirth in AMA women in NZ
Primary maternity caregivers in NZ have well-defined referral guidelines (MOH, 2012) to determine what pre-existing or developing conditions warrant a consultation or transfer of care to the obstetric team. However, there is not a specific pathway for AMA. For conditions outlined in the referral guidelines, a threeway conversation is mandated with the woman, her lead maternity carer (LMC, a midwife in 84% of NZ cases; MOH, 2015c) and the consultant. It is also possible that in a strong midwifery partnership, where the well-informed woman evaluates her own risk, she may or may not choose to consult.
Many DHB guidelines for IOL state that women of AMA, without any other risk factors, can be offered an IOL between 39 and 41 weeks (CDHB, 2014; CCDHB, 2015; Wise et al., 2014) . Assessing a woman on age alone assumes that the underlying pathophysiology is universal and needs to be treated. However, the mechanism for the risk of stillbirth in women of AMA is undetermined (RCOG, 2009 (RCOG, , 2013 , as previously shown, and so treating an associated risk with a general recommendation of induction will have a large number of women being treated for few babies being saved.
Further, the iatrogenic consequences of induction are well documented; such as, lower maternal satisfaction (Brown & Furber, 2015) , increased need for epidurals (Brown & Furber, 2015) leading to increased assisted births (McCarthy & Kenny, 2011) , and increased Neonatal Intensive Care Unit (NICU) admissions (Stock et al., 2012) . Randomised controlled trials (RCTs) comparing rates of caesarean deliveries between women with IOL and those with expectant management have generally concluded that the caesarean rate is unchanged or lower with IOL (Hannah et al., 1992; Mishanina et al., 2014) . However, observational studies say otherwise (Allen, O'Connell, Farrell, & Baskett, 2005; Vahratian, Zhang, Troendle, Sciscione, & Hoffman, 2005) (Druzin & El-Sayed, 2006) . IOL, assisted delivery and caesarean section all have a much higher economic cost than vaginal birth . Alternatively, expectant management, although it too has a cost in extra monitoring (Goeree, Hannah, & Hewson, 1995) , is another way to address the possible increased risk posed by AMA.
Expectant management has been studied by Fox et al. (2013) . This United States (US) retrospective cohort study (4,469 women) found that women over 35 years old did not have a higher rate of stillbirth when compared with women less than age 35 with expectant management, within an obstetric model. Women over age 35 had weekly biophysical profile testing after 36 weeks gestation, and planned delivery at 41 weeks or sooner if indicated.
However, in the greater literature the effectiveness of fetal surveillance of AMA women remains unclear and stillbirths of AMA women are often unexplained (Gordon et al., 2013; Salihu et al., 2008; Silver, 2007) . A Cochrane Review (Alfirevic, Stampalija, & Gyte, 2010) did not find any evidence that routine assessment of fetal growth or umbilical/uterine artery Dopplers could identify fetal growth restriction and therefore a higher risk for stillbirth. Similarly, Alfirevic, Stampalija and Medley (2015) could not find any benefit in using fetal Dopplers as a screening tool to identify fetal problems in low-risk babies, although they were useful to identify the at-risk fetus in known potentially high-risk cases.
Although adverse outcomes such as Small for Gestational Age (SGA) and stillbirths could be caused by placental insufficiency, in women of AMA stillbirth is not associated with oligohydramnios or meconium stained amniotic fluid (Miller, 2005) .
Expectant management in NZ is not solely related to external surveillance, however; it also includes close attention paid to maternal perception of fetal movements. Tveit et al. (2009) outline how information sharing about decreased fetal movements halved the stillbirth rate of the Norwegian population. A small NZ study (Peat, Stacey, Cronin, & McCowan, 2012) indicated that, although 97% of women in NZ are being asked about fetal movements by their midwife, only half of women in midwifery care are receiving optimal information about fetal movements, which is easily incorporated into care and may influence late-term stillbirth rates.
In the NZ context, some women over 40 may not choose IOL after 39 weeks as recommended by DHB guidelines. The well-informed pregnant woman, acquainted with her risk and the gaps in what we know, may choose to be monitored for any heightened risk rather than accept a general population recommendation. Selfemployed, midwifery-led care does not have differing stillbirth rates from hospital midwifery, GP/shared or private obstetricianled care in NZ , suggesting that how AMA women are being cared for within the NZ midwifery model is effective in addressing the increased risk. Therefore, individualised care within the NZ midwifery partnership model may reduce the rate of inductions for AMA alone, without increasing the stillbirth rate for this cohort of women.
Given that the rates of stillbirth do not vary between model of care or choice of LMC, more research would be helpful in uncovering if and how care of AMA women differs between models. Additionally, calculating the economic and social costs of an elective earlyterm IOL, versus expectant management within the primary care model, would be useful for the NZ maternity system. Uncovering this model could reduce the economic and social burden of more women and babies requiring secondary care, and promote choice for AMA women at the end of their pregnancies.
CONCLUSION
Midwives are increasingly caring for women over 40 years of age (Statistics New Zealand, 2014) and, while there is a large body of literature on the pregnancy and intrapartum risks of later childbearing, it is difficult to apply it to the individual woman of AMA within the NZ maternity system. This is due to lack of consensus on the underlying physiology of aging, heterogeneity of the cohorts studied within research, such as parity, socio-economic status, ART versus spontaneous conception, BMI, general health, smoking status, place of birth, model of care and caregivers' tolerance for risk for this cohort (Carolan, 2013) .
Actual risk of stillbirth remains low, despite the increased association. DHB guidelines within NZ recommend IOL at 39 to 41 weeks gestation for women of AMA in order to minimise the increased stillbirth risk (CDHB, 2014; CCDHB, 2015; Wise et al., 2014) . However, the population-based IOL recommendation has its own risks that may outweigh the individual risk of stillbirth RCOG, 2009 ).
Not all AMA women in NZ are being induced at 39-40 weeks, so it seems the stillbirth risk may be addressed by expectant management. The stillbirth rates for the women cared for by self-employed midwives do not differ from those cared for by hospital midwifery teams, GP/shared or private obstetrician-led care in NZ . This suggests that midwives, in collaboration with obstetricians if needed, are addressing the increased stillbirth risk for AMA effectively. More research needs to be done to investigate how AMA women are being cared for by NZ midwives in the community, as this model has the potential to reduce pressure on secondary care facilities and provide AMA women with more choice at the end of their pregnancies.
